We present a full-term male infant who presented with tachypnea and an increased band count on his complete blood count (CBC) with an immature to total neutrophil (I:T) ratio of 0.6 raising suspicion of early onset sepsis. A blood culture was drawn and he was started on appropriate antibiotics. The patient's clinical condition rapidly improved; however, the white cell count 'left shift' persisted. When a detailed family history was obtained, it was discovered that the father, paternal uncle and the grandfather had been diagnosed with Pelger-Huet anomaly (PHA). As the urine, blood and CSF cultures were all negative in this now well-appearing infant, the left shift on the CBC was believed to be due to inheritance of the PHA. We present this case to emphasize that even in this age of sophisticated laboratory evaluation, a good clinical history, including family history, and clinical evaluation, are essential for accurate diagnosis.
Introduction
Early onset sepsis is a fulminant, multi-system infection acquired by vertical transmission from the mother with a fatality rate of 5 to 20%. 1 The early diagnosis of neonatal sepsis is difficult to establish because of the subtle nature of signs and symptoms. 2 Given the high mortality, treatment cannot be delayed. Many different aspects of the leukocyte count have been examined for their predictive value in diagnosing neonatal sepsis. 1 The immature (bands, metamyelocytes, and myelocytes) to total neutrophil ratio (I:T ratio) has been investigated as an early predictor of sepsis. 2, 3 The maximal I:T ratio in uninfected neonates is 0.16 in the first 24 h, decreasing to 0.12 by 60 h of age. 1 Case report A male infant was delivered to a 36-year-old, G 4 P 3003 , Caucasian mother. Maternal blood type was A negative, and she had received Rhogam. Serology testing was unremarkable (rubella immune, VDRL nonreactive, hepatitis B surface antigen and HIV negative) and third trimester group B streptococcal culture was negative. Maternal medical history, past history, family history and social history were all negative. Membranes ruptured 5 &frac12; h before delivery with clear amniotic fluid. There were no signs or symptoms of chorioamnionitis. The total duration of labor was 8 h with an 8 min second stage of labor. The baby was born via spontaneous vaginal vertex delivery with a birth weight of 4190 g and apgar scores of 7 and 9 at 1 and 5 min, respectively. The initial physical assessment was remarkable only for facial bruising.
Upon admission to the nursery, his serum glucose was 31 mg/ dl. He was bottle fed 20 ml of formula with normal subsequent glucose screens. He was noted to be tachypneic at one hour of age with a respiratory rate of 64/min with oxygen saturations of 97 to 100% in room air. As a result of the persistence of intermittent tachypnea, sepsis workup was initiated at 27 h of age.
The initial workup included an arterial blood gas (ABG), complete blood count (CBC) with differential, and a chest X-ray. The CBC at 28 h of age showed a left shift (see Table 1 ). The ABG in room air showed a pH of 7.43, PaCO 2 of 39 mm Hg and PaO 2 of 71 mm Hg. The chest X-ray revealed bilateral streakiness with no focal infiltrates and was most consistent with retained fetal lung fluid. As a result of the left shift on the CBC with an I:T ratio of 0.6, an aerobic blood culture was drawn and ampicillin and gentamicin were started. A repeat CBC at 48 h of age showed persistence of left shift and although the blood culture was read as negative at 48 h, antibiotics were continued. A CBC on day three showed an I:T ratio of 0.68 (Table 1) .
At this time the infant's tachypnea had resolved with respiratory rate in the 40's. He was feeding well and had a normal clinical examination. Urine culture and lumbar puncture were performed to rule out a urinary tract infection and meningitis in view of the persistent bandemia. Cerebrospinal fluid analysis showed a cell count of 408 RBCs with 5 WBCs/mm 3 and a differential of 9% segmented cells, 12% bands, 68% lymphocytes, 9% monocytes and 2% eosonophils. The CSF glucose and protein were normal. The urine and CSF cultures were negative. Communication with the family had been ongoing, and upon approaching the mother on day 3 to explain the concern regarding the worsening left shift, she mentioned that the father of the baby had an inherited defect in his white blood cells. She questioned whether this could be affecting her baby. Upon interviewing the father, it was discovered that he, his brother and his father had been diagnosed with Pelger-Huet anomaly (PHA). As the blood, urine and CSF cultures were all negative; the left shift on the CBC in this well-appearing infant was now believed to be due to the probable inheritance of PHA. Upon re-examination of the blood smears in the light of clinical course and family history the neutrophils' coarse chromatin and bilobed nucleus with a thinner bridge were noted. These finding are consistent with the diagnosis of PHA (Figure 1 ). Antibiotics were discontinued and the infant was discharged home on day 5 with outpatient follow up by pediatric hematology.
Discussion
Bacterial sepsis continues to be an important cause of morbidity and mortality in newborn infants. Respiratory distress is one of the common presenting symptoms. Laboratory evaluation of the symptomatic infant with suspected early onset sepsis includes a CBC with differential, and a blood culture. An elevated or, more ominously, decreased WBC count with a predominance of immature granulocytes (bands) is suggestive of early onset sepsis. Persistent tachypnea and increased bands (left shift) in this infant prompted us to do a workup for early-onset sepsis and start antibiotic therapy.
Pelger-Huet anomaly
The PHA, first described in 1928, is a well-known morphologic leukocyte anomaly. It is an autosomal dominant inherited defect of terminal neutrophil differentiation. It is characterized by abnormal nuclear shape and chromatin organization in blood granulocytes. 4 The practical importance of identifying the PHA lies in distinguishing this defect from a left shift. Unlike early-onset neonatal sepsis that is still a relatively common problem with reported rates of 1-4 cases per 1000 live births, the frequency of PHA is estimated to be approximately 0.1 to 1 case per 1000 live births. 5 Leukocyte morphology in Pelger-Huet anomaly In heterozygotes the nucleus of the granulocyte is hyposegmented, being rod-like, dumbbell-or peanut-shaped, or sometimes spectacle-like with only two lobes ( Figure 1 ) and with excessively coarse clumping of chromatin. A bridge that is much thinner than that seen in a normal band joins the two lobes. Rioux et al. 6 reported an affected French-Canadian kindred. The nuclei of their leukocytes had a pince-nez appearance. This anomaly is also found in the rabbit. The homozygote in the rabbit also has chondrodystrophy. 7 Homozygous forms are very rare in the human, with fewer than 10 cases reported to date. Population and genetic mapping Genome wide linkage scan has mapped the PHA locus to 1q41 to q43, the region that contains the lamin B receptor gene. Hoffmann et al. 4 found that the expression of the lamin B receptor affected neutrophil nuclear shape and chromatin distribution in a dosedependent manner, which may have implications for understanding the interactions between the nuclear envelope and heterochromatin.
Leukocyte function and prognosis in Pelger-Huet anomaly The function of the neutrophil is normal in both heterozygous and homozygous individuals. The biochemical, metabolic, phagocytic, and bactericidal activities, as well as the random motility and response to chemotactic stimulus of neutrophils in patients with PHA were all equivalent to normal neutrophils. 9 Individuals enjoy normal health and natural resistance to infection is unimpaired. The practical importance of identifying the PHA lies in distinguishing this defect from left shift that is more commonly associated with infection.
Conclusion
We report a case of early diagnosis of PHA that had an uneventful clinical course except for a false positive increased concern for sepsis. Despite multiple blood smears, the morphologic changes consistent with PHA were not initially noted. This can be explained by the fact that this is a rare anomaly and the smears were analyzed in a busy suburban community hospital without any pediatric subspecialty services. This case demonstrates the importance of obtaining a complete family history from both parents. Critical and complete evaluation of history, examination and laboratory data is essential for accurate diagnosis. Even in this age of sophisticated laboratory evaluation, a good clinical history, including family history obtained by a personal interview of mother and father is still crucial.
